• A non-user may be exposed to aerosol particles smaller than 1000 nanometers, similar in size to tobacco smoke and diesel engine smoke. The exact size distribution depends on the chemical composition of the electronic cigarette liquid, the e-cigarette device operation, and user vaping preferences.
• The aerosol and gases produced by e-cigarettes contain nicotine, glycerin/glycols, artificial flavorings, and preservatives.
Research Brief

RTI Press
March 2015
Current Knowledge
Electronic cigarettes (e-cigarettes) are nicotine-delivering consumer products designed to closely mimic the experience of smoking conventional cigarettes. The courts have determined e-cigarettes to be tobacco products, and the Food and Drug Administration has proposed deeming them a tobacco product. E-cigarettes are currently unregulated. Very little is known about the health effects associated with their use. As e-cigarette use rapidly proliferates in the United States, research is needed to determine potential health risks posed by emissions from e-cigarettes. Currently, little scientific evidence on the toxicant exposures posed by e-cigarette use is available, particularly for a non-user's secondhand exposures in public places.
Few studies have been published that assess secondhand exposure to e-cigarette emissions or have been performed using realistic exposure conditions. E-cigarette emissions contain nicotine, with its known pharmacological effects on neurotransmitters in the central and sympathetic nervous system that lead to addiction. E-cigarette emissions also contain numerous chemicals the FDA considers "generally regarded as safe" in food products; however, their inhalation toxicity is unknown. To inform indoor air policies related to e-cigarettes, policy makers and public health officials need information on the potential health effects of indirect exposures to e-cigarette emissions. As e-cigarette use proliferates in the United States, research is needed to determine the potential health risks posed by indirect exposure to the aerosol and gases emitted by e-cigarettes. Although some studies have examined the chemical constituents of e-liquids, [3] [4] [5] e-liquids are altered during the heating process and are converted into aerosol and gases that contain other potentially harmful constituents, such as aldehydes, polycyclic aromatic hydrocarbons, and metals. 4, 6 Little scientific evidence is available on the toxic chemical exposures posed by the use of e-cigarettes, 7, 8 particularly for indoor secondhand and tertiary exposures in public places. 9, 10 Policy makers and public health officials need more information about the potential health impact of such indirect exposures to e-cigarette emissions to inform indoor air policies related to the use of these products. 11 Recent research has started to characterize e-cigarette emissions, with an initial focus on understanding the exposure and dose received by the user. These studies used modified smoking machines or experimental systems to generate the emissions for sample collection and/or realtime characterization, 5,12-15 or they injected emissions into a chamber for sample collection and/or real-time characterization. 16 Only one study attempted to extrapolate the data collected in a chamber study to characterize secondhand exposure. 16 In a separate project, researchers collected and analyzed e-cigarette emissions dispersed into a 40-cubic-meter chamber (roughly the size of an 8-by 10-foot room), 17 but data quality and interpretation concerns raised questions about the accuracy and representativeness of the data for assessing secondhand exposures. 18 To date, few studies of secondhand e-cigarette exposures have used realistic exposure conditions.
Understanding the Problem
Recent RTI Findings
Our initial understanding of secondhand exposure is based on an understanding of the source-exposure-dose paradigm (see Figure 1 ) and an analysis of RTI's and other researchers' e-cigarette emissions characterization data. The exposure paradigm illustrates the critical factors that influence the nicotine dose received from primary, secondary, and tertiary exposure to e-cigarette emissions. The source of secondhand exposure is the aerosol and gases exhaled by the primary user. Tertiary exposure is caused by the residue deposited on surfaces and fabrics.
Our dosimetry modeling calculated that a teenage male e-cigarette user exhales 50% of the e-cigarette emissions that he inhaled. The devices and e-liquids themselves are the most important determinants of the physical and chemical characteristics of the exhaled aerosol and gases. The physiological conditions of our lungs, the quality of the device, and the composition of the e-liquid impact the aerosol size distribution ( Figure 2 ) and chemical composition (Table 1) of the aerosol. The warm, humid conditions in our lungs prevent aerosol evaporation and actually promote aerosol formation. The trace quantities of metals potentially released by the heating coil, thermal oxidation of organic compounds' byproducts, artificial flavorings, and preservatives are additional important factors. This finding is important because the nicotine partitioning between aerosol and gas affects the nicotine transport dynamics within a room and directly influences secondhand exposure; that is, the aerosol-gas distribution affects the dispersion of the nicotine within the room and how much nicotine is deposited on surfaces. These aerosol and gas transport dynamics are also influenced by user consumption behavior, as well as room conditions. 9 E-cigarette aerosol concentrations inside a room are highly variable, fluctuating from background levels (fewer than 10 micrograms per cubic meter) to extremely high levels (10,000 micrograms per cubic meter) close to the user. Environmental factors, such as the air exchange rate, the location of air supply and return vents, the room size, movement of people in the room, and the placement and size of furnishings within the room, determine secondhand exposure.
Emission Generation
Future Research Needs
To properly examine the potential health effects associated with e-cigarette use in public places, a variety of factors must be known. The design characteristics of e-cigarettes, such as pressure drop, flow rate, and aerosol density, differ significantly from traditional cigarettes and vary between e-cigarettes themselves, 4, 19 making standard testing protocols for traditional cigarette emissions inappropriate for e-cigarettes. 6 Research suggests that variations in the engineering of e-cigarettes may influence the chemical toxins present in the emissions produced 7, 15, 19 and, consequently, in the aerosol and gases exhaled by users. 7 Therefore, new standards must be developed for conducting laboratory testing of e-cigarette emissions and secondhand exposures across multiple device types.
Understanding the potential risks posed by exposure to secondhand e-cigarette emissions is particularly complex due to the diversity of e-cigarette users' characteristics (e.g., experience level and inhalation/exhalation volume) and topography (e.g., frequency and duration of puffs). Users' consumption behavior affects both the operation of the e-cigarette devices and the physical and characteristics of the e-cigarette emissions that lead to secondhand exposure. 4, 20, 21 Research
Note: The e-cigarette was connected to a temperature-and humidity-controlled chamber to simulate a user's respiratory system.
that investigates the e-cigarette aerosol and gases inhaled and exhaled by the user must consider the physiologically relevant conditions inside the user's lungs, especially when e-cigarette emissions are artificially generated, because the additional aerosol formation and gas-particle partitioning will impact secondhand exposures. Further study is needed to determine which device engineering characteristics and liquid compositions might reduce or minimize potential secondhand exposures from e-cigarette use.
